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2he present report deecrihles Lhu results of the towing txna tests

concerning the siray cnaracteristios of d UF-2 null model and its

modification performed in Japan o .4hin lIeiwa industry U cmp wa Limited

under the contract with the Grumman &ircra1ft . n,inuering Corporation.

The object o t e test. is to find an effective method in orda" to

minlmiz, the water spray on thl hull of tL, UF-2 flying boat generated

during take-off and landing. Three new wooden Vk models were

manufactured for the esent test: one original UF-2 anu thu other two

modified by thti groove type spray suppressor and with spray dam. They

were tested in May, June ana July 1961, and the towing tank tesLs in

still wati.;r ana in waves were completed on July 11, 1961.

fhe present report and th attzched two reels of 16 millmeter

motion picture film contain the whole te.3t results for th spray

characteristios.
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It. ICXlVT1UN OF TAK, TOWING AkPAktATW" AUD MW

A, TOK

Two towing tau.s were used.

Length Width Derth Iax. .lpeed Remarks

Tank No.1 2UCm 8 U 4 [a 15m/s no wave generator

Tank No.2 1iOu . 4.5m. 2.2 5m/s with wave generator

Tank !io.1 belongs to fTansportaton
Technical Research Institute,
Ministry of Transportation,

Tokyo(leift).

ihTanic No.2 belongs to Re3earch and
DevloMent Institute Japan DefenceAgency, lt Researoh aa Development
Center. Tkyo(left).
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B. APPARATM

1. Tank No.i

Towing linkage is of parallelogram
tpe as shown in the left photograph
and Fig.1. Resistanoe is measured by
& o11 spring type balanoe and is
recorded on a drm. Tins and heave
are measuteJ from photographs.

2. Tank No.2

Towing inkage is of the ~ tpe
as for 1u No.1 1desIM4 obse
(PbOtW4ag n the left MA Y4.2).
R4siuffmtM s .aszrd bq a 94M
spli balacme with dial Swq,
wh lae U , heave *ad v bsIst
are masured fru pketeSve.



'Three 8 wooden moels, namely the original hull, mod i"d

hull no. . and modif±ied hull no. 2 were used. Table 1 shows the

dimensions and Fig, 3 through kig. 5 show the line drawings of

thes models. i±g. 6 shows the extent of reconstruction oif tle

hull and kigo 7 i7 a drawing showing the location of propellers,

flaps and horizontal tail relative to the hull. k. 8 is the

photographs oi the models.
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The tests wre made by owing the miwi at uonstant speed in still

water and in regular waves. The mocel was 1ree to pitch and heave with

zero aerodynamic pitciiinL moment.

Moment oi ino-'ia in pitcL,, U.G. position, wine i-t ana take-off

sp*4d supplied b) the Imr'unrn L ompuny were used with kroude Number

scalin. kiC. 9 shows th loau on water.

Test uasts are presented Ln Table I[.

The heignt of spray was mousured by snap plhotograjli.s ana lk,

't.llineter motion picture ana w's uiso ouserved on tke runn:Lng

corriage. The results of the test'zre all incluae in the present

report and two reels of 16 rv'a motion kiture.
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The first spray test was perforned in tank No. 1, using the original

model and the todiiicataon Nu. 1. Lhe gross weight us 34,,UO pounds

and 36,(XJ pounds. The spraez was piotographea at lU speeds, from L.V

knots to 66.7 Lnots, every 7 knots. The results are shown in l igurf..

1Cal,b and in rigure lla, .

aoordiag to the figures, there is no spray problem in still wator

up to lU k.nota. At 1..7 icnots and 2C.L Anots, comparatively heavy sprays

were generated in front ci thc propeller plune on tie original model.

These sprays wert. effectivel, suipres;,ed .n lOdiftcaticn -. :. At 2i.5

i nots and p,+r4not. spiaL ap.roachcs trx. lap and hits it on nutn LaJ

originul tuodel and the Modification lo. 1. At bhese two apeeds 'juKyi

touched tie tail lightly with G.4. 3U,ULAUbs. Two models were very clean

ut speeds above 4L.2 Anots.

The sprays with a gross weiht of 3X,(OL poumd are %w.wh. L.

than those with 34 ,OWO pouids. However, t.Ie euner~l kutter. cf ti., 3pra i

is very similar with the two gross weights.

To stuly the spray In still water more eleoel, the second spray

test was perfmed In TaniL No. 2, ith the origial models Yodircation

No. 1 and Wifiaition So. 2. 1 were tested at 0 speeds frm 0 to 31

knes, at every 3 knots. The test results we ow in Fwe 12a,b and

in ln-gus 13ab. In the se figure& tba tests with a model ef the

Modification Io. 2 are also shown. The spray photographs of the 3 models

in the saw oondition, that is, with the *ame -ross wght and the saw

speed are arranged in line for the convvniene of ecaprlson,
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Aoeordji n to the photo6raphs the spray up to about 10 knots is

very small. At lu.3 4nots a waall blister spray is generated near the

cow side on tne ori.,inal model. Tuere is aJmost no in ;.Odifications

No. 1 and No, 2 at tuia spea. ftt 1-.7' .-aots, 17. .nots vid 2 . . nots,

high blistor sprays were generated in 1ront of the propeller plane. As

the suction o: the runninC ixopeller is very strong at full throttle and

at such low ipeeds, these blister s.r ,s will oe sucked into the propeller

plane and may damage the propeller and ontinee will oeccme very wet on

the ori,,inal model.

In ModifloaAons 1o. 1 and No. 2, the ;roove type spray suipreasor

exhibits a very effective spray suppresjion and theee is no spray which

is near the propeller tip on uoth raiodfications at these 3 spoeds.

At 24 Knots, the spray roots of t u 3 models move back and the

blister spray goes back oi t;.c propeller plane. Ihere 'ore -hore will

be no propeller spray problem at this speea and above. however, tU

hl*hest point of the bl-itor sprVy moves ba to the flaj, position ai

am amount of spray hit flap on t,,c 3 models.

'11e rear end o. tho groove t5 pe spray suppressor is at a~o~t thu

0 propeller plane and at 24 inots the s;ray suppressor cms out o1' the

water completely and naturally It loses Its effeetiveness. As the shape

of t4e botto surface which towma the water at about 24 xaots we the

s in all the 3 mWels , the sape of spray Is also the sa in tin

3 Iwa49 The blister spM at 24 knots, 27,5 X&OU amd at 31 Meots

hrt the fl oa OW rative~y Wwr , epeIa& with a gross weight of

6xQ pWmds In all 3 models.

7



3 moiels. howvtr, .t 3bjuO0 pounds "n b-tw'een tuo s,,eaus 01 2.5

knot& and 31 knots the spray touc~hes the lail liEgitl.

A 5-1non, spI&7 don vus attached along tbA. obhM. frQUa Lilt propeller

plamn to the "t~ an the modtl M~odification No. 2 &Md wa~s testuoa.

Up to 20.6 knots tkm sprj charaebristics ij veri ailar to the

( Kod±11aon :30. 2 without alpra dmr. A~t 24 imot.3 tne ul.1*t.) r

lowered by the sprqW do&a~ nd tbe spz'aW does not i±t th ±flap. i&t 2

knots aai 3± mots tae rueit oi* blister ae*,ra. i3 alau ovr aWl' n o not

hit flapa. Tuarefore tho :faoW dmas obsermi elTectavQ :A J:do

24 xats 27. smts nd 3 xnts n A4 waer.Tlw es-utj-r,. u.o I
in k~ure 4A~J



BJ. 1.4 __WL

The results of thu sirza t;ot in wveas are contuanea in tho motion

picture.

The tfst cases are as shiuii :Ln table i. -i, irn e ti zaot.on

pioture was closely inv03tightoa ara taiu frwaea wAich con ,an tihe most

severe spra, conui-ion were picaed up, una snap 4otogru.hs were mad,-.

In the .i . 14 tkg'o~i ri 23, 1 spray ,hoto.rap s of the .3 modols

in thj same te'st condition wfti arranged in 1Lne jor thu conveienco of

comparison,

According to tau photograitns triere were io slxuy roulems for all

mouuas at speeds up to 7 &nots. At 7 xnots ana i. xnots, the bow ol tae

original model aigs a little into tno wave Crest and some solid vter

creeps up on the bow deok. TCs does not occur on the xodiiicatioaa

No. I and No. 2. The bow ue" of the two modeis are free Xrom vr.tero

1n tha origna noddl, between 14 Aaots Ww 24 xnota,, n~gh blister

spras e geerte in. The eothe ix%*i r lplanu. Jupreso 15 t the

photograh, thi spr a w 1 ot sucked uv th the runnig protller. At

&:6out 17 ino, the sproW si aawst. Ih Is oudiatio to. 1 and 2
Sthese spras ax efavotively suppresse oA taero is no s a kjh is

nowr the proposer U~p, 'Ile effect of th spraW jppro~r Is the most

remarable at taUm sped range,

Batman 2 knots and .31 xnots, sprays tat the Usaps In the thre

jrQel1er PUMn ~S Out Of tho water surfaee Coplet3l' at 24 knotst

the shapes of botts sufas wbich touch the ister above this Opee ane

t ~ In the three medels, the shapes ad he1hts o1 sptar are also

the ~.



31 znots in all thu 3 muIJls tLe sIray approaches the tail plane

anti occasionally touchos it OuL. not so beavily,

i'he effeCt of 5-inoil ,,ray am, which ia attached along tne chine

irom the propeller plane to tnu step on too 1.on ciation l~o. 2 model was

tested. The spray dam lowred thu spray heij ht a little at 24 to 31

Anots, out not so low as to maue the fla free from sprays.

The hei.ght ol spray with the gross weight of 3u,"U pounds is

somewhat higher than with tha gross wuight of 34,W(O pound3, however,

the dii erence is not so large.

cy increasing tho wave height from 2 feet to 3 feet, the heizat

of spray is somewhat increased, but not so large.

Aith the same gross weight and wave height, thi stra height is a

little iignior Ln short wave lengths in the range of the present test.



The results of the sipay te3t are aascusseu irom tho stu'bupo:Lita i

follows 8

1) Bow Spray

2) hropeller ipray

3) I?2ap 4prayj

4) Tail Sipray

In still water tue bow of tne or4i;nal mouil causes no sprW, trouble

at low taxiinL; speed. However in waves, especially in critical wave

lengths, wben taxiing at i to 10 ,nots, -he bow d.Lgs lghtly ±nto the wave

crest and solid water creeps up on t. he oow d-cU. TAs will cause some

trouble wuen taxiing in rough seas, thorefoe some maxiiilca~ion is uonsidered

necessary on this point. This was done oy elongating tu,; bow Loy 25 inc es

in hodification No. 1, ani 48 inches in liodilication No. 2. Xhe elongation

togetier with the sray groove around tne bow aolved tiLis problem.

2) ftMjf~t

In the rgial modl beavy sprays are generated at speeds Vom 14

knots to 24 mets in &rout of the propeller plane in still water and in

wave This spo will be sucked up kW the propeller kaaviy. Judging

frta the iolpt and amot of the sprM tke egins will also beco too

wt. The popeller spr@y problem Is cons'dred the most serious on.

The groese type spray suppressor vtih Is out an odltaticns No. 1

and No. 2 r=m the bow to the propeller plane suppresaed the spraq

eftotively. As sn in the photographs almost zero spray oonditiams wre

realised up to about 24 snots. The effect of the groove type spray

supre sar is the most remarkable at tWeS speed range.



dy the use 0L tne supirossor tie propeller spray problem is

con.53iered to be solvea c(.apletely.

When t&e speed is increased up to 2- %nots, the spray groove w.ioh

ends at the propeller plane cUmes out of the miter surface and naturally

loses its effectiveness. znce no mod.icationj wure done along the

chine rearwird tne propeller plane on bota ldificatons N. 1 EOU No. 2,

the spray at speeas above 24 4nots are -Amilar in the .3 moils, and sprays

it Llafp.

it is not u.possible to cut tho spr4 groove alone the chine further

back to thO step wtkich witi suppress tne sprtj Lo L10 ilap anA tall

effectively. tiowevwr, the bottom surface near tne step touces water at

high seeds up tu tiwe tale-ofi speed. Thorelore it is not desiraole to

have such a groove along Lho ckh-.ne which touches tne water ut i, ih speed.

By a separate tanK experiment, the water pres..ure in the groove is about

une-hail oi th speed presiure, therefore tAe ,resure in to groove will

be about JQ pd! at a speed o. O 4nots. ;ucn iLki .ressuru in the groove

mao cause structural troubles on tue groove cover. t haLr speed toe spray

groove will increase th; water arag by about ; an, aiao affect sumewhat

on the frpoisifg stability. I'his is t.Ao reason why tho gruove was stopped

at the propeller plane.

For the suppression oi tie sprak to tait flap sum other method whioh

is structurally more saple and sturdy is considered to be mor. suequate.

A spray den is one o the methods. A 5-inch spray dam extendlng aownward

vertically at the chine was attaced to tr Modificato.n No. 2 up to the

stop ana was tested. The test results show that In atill water ti.e spray

height to the flap is somewhat lowered and even with a gross weight of

3bUMO pomhds, the top of the spray is almost touching the flap trailing

edge fully dowt. 12



howevwr, in wave3 the top o. tni spruy hits tbw 11ap as in thv case

w.thout spray awm. it curnnot be said, tiiereore, tiaat the spray dam

Loivej the flap stray p'roblem conplete.y, ILowev -r, the siray damu iniiuzes

he fain, spre7 trouble to some extent.

,in inboaru sjijra strip us usud on the r mily f2l'in; uoat wus tried but

it wns not succea.Aul in tl present oase.

ainoe there are no simple methods to solve tue flap spray problem

which is established at prissent, it is considered t ±at to use the spray

dam along the rear hif chive of the foroody is a practical method for the

present case.

The heingt oi spray am maW be tapered to the step or tUe end of the

spray dam may be a little forward to the tep. Since tne time available

for the present tesL is limited, the test fur the spra dam could not be

performed further. Therefore there rema=ns such prublems as the effect

o0 sr' y cam on ta water arag at t L 'L speed -n , On tti porpoisin

proierty 01' tix hul.

4) JW-&&

At certain seecs svay touche the horizontal tail plans ligntly.

it is iot consudered necessary to aaopt sa device especially fo tue

tail spraq.

13



A

V acrnjlu.

£ho test rusuits ,,(ow that tn,.:e are t:-.e C),aa o i*, jroALi-

in the original null w~.th .vA. a4 U Yx a 3u,Lxklus.

The first one i tiiu Low spr pcoblem wirn tai xiin. ;n waves At low

speeds. Lho sec4n41 one 16 the. propeller spray at 14 jit to 2., xt both 21n

still water and in waves, wuicii is Qonsidered thu most serious spray

problem. The thard ona is tiiu flap spra- at 24 4t to 31 kt.

The bow spraey and tie propeller spray i.roblems were solved in eitner

the mod. No. 1 or the mod. No. 2 model.

karticularly the propeller spray problem can be said to be solved

almost completely uuo to the use of th, Groove type s9,ray suppressor.

However, there is a ii~ait to tnt efrectiveness oi tat. groove tyie

spray suppressor, that is, in saorter wave lunr'tiis, where ttie p.Ltck.iIg

motion of th. hull is so au,%aented that tL,: wuscenin lower eugu ul the

spray suppressor cover at tnu bow touches tau water surface, takc warer

will creep up alon, the surface oi t~e supleresior cjvvr a: ,me bow

spray will be generated. Owing to the limaited capacit., ol ti,! way

generutor in tu tanK Ao. 2 such extreme oases ol snort wuve Lnt

coula not be tested.

Within the range of tao wave cowations tested the spray ;suppressors

of the nod. No. 1 anw No. 2 cisajpW a remar&ab.e effect to elim.nat

the propeller sef and no spray vIU tomb th propellea& am te

engines.

The off•ectveness of the mWd No. 1 and io. 2 are almost thu so,

howver, In the oritioal short wave legtho mentioned above the mod.

No. 1 with hher bow @hise may display better spray characteristics.

14



Ast(, thc 1J..t 1 . L;u L,.. two mo ±i cat.,cna 31.owuu no inqarovvnent:-,

sinoe tim rear endt; of tn.: supprt~s~wos are at thQ jx~ope.ler plane

and no modL'icatiuns uere madi cn the bottom surface in th# reairwerd

jortioii of: Lhe prol.olicr pitnc.,

Ilia sixay dam attuched to the rear na1If of' the rorobody ol' the mod.

N~o. 2 lowered tiie h:,-i oi ilar zray tu z uch eii extent thait the flap was

free frota spray, i~i ztill .. tvr, however, in wwVUs tix sprazys occationally

hit tiw flap~, ihe effectiveness of' tI& spray- davi cunx not be 3Eid ItrAect,,

but it izL tio sim~ie .t anad the most rxacticU~ cne und could solve th,. flap

.31.ra:- -.~t~'c .3or-e exten~t prov ,acl the flap ztr,,ct,.xc. iz tsnte-

in a certain jkcxtion.
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1)

03 G kara~llelcgrom Linkage

Joale for Heave

0 Moale for kitch

(~) Foiutor of ipring Balanoe

(~) hesistdnoe lit.ording ornu

(~) Weight for Adjusting LoAW on 'dater

Wmight for Adjustin, PitchirUg Nmont

(~) £orque Tw,.

@ ~ Universal Joint

Fig, I ?wing Apparatus, TO&k No. 1



t 4

DC.G. of ol

.'cal. for Heave

goal. for Mob.

Sale for ave Height

Weight for AJusting Lad an iktex

rJ. 2 Twing Apparatua, Tank No. 2
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